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Operation of machines for unloading rock products. Mekh. stroi. 
17 no.10:26 0 '60. (MIRZA 13:10) 
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SOV/118-59-1-12/16 


Mel’nikov, N.V., Corresponding Member of the AS USoR, 
Vinetskiy, K,E. and Potapov, &.G., Candidates of 
Technical Sciences. 


On the Use of Continuous-Motion Equipment in the Open 
Mining Pits (O primenenii cborudovaniya nepreryvnogo 
deystviya na otkrytykh gornykh razrabotkakh) 


Mechanizatsiya i Avtomatizatsiya Proizvodstva, 195%, 
Nr 1. pp 46-50 (USSR) 


The authors emphasize the need to establish various 
systems of rotor excavators, adaptable for use in 
severe climatic conditions and to design continuous- 
motion conveyer equipment. They describe the advantages 
of rotor excavators compared with chain excavators, 
especially when they are utilized in conjunction with 
the above-mentioned conveyer equipment. As background 
information, the authors mention output figures and 
locations of old coal and ore basins and deposits, 
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SOV/118-59-1-12/16é 
On the Use of Continuous-Motion Equipment in the Open Mining Pits 


and of new basins and deposits to become operative with- 
in the next 10 years (table 34 on page 49), These new 
deposits will need about 408 additional excavators in- 
cluding 312 of the rotor type. Introduction of exten- 
sive continuous-motion conveyer equipment can eliminate 
the need for about 1,000 dump+trucks, a great deal of 
other transport and equipment and over 1,500 km of 
railroad tracks. A complex unit of such type, of 3,000 
m’/h capacity, has already been designed by the Novo- 
Krematorskiy mashinostroitel’nyy zavod (Novo-Kramatorsk 
Machine Building Plant). Regarding new developments: 
The Yazhnyy gornoobogatitel’nyy kombinat (The Southern 
Ore-Comntration Combine) has been put into service in the 
Krivoy Rog Basing Its annual capacity will reach 
9,000,000 tons. The lLebedinskiy and theMikhaylovskiy open 
Coal mines of the Kursk Magnitnaya Anomaliya (Kursk 
Magnetic Anomaly) will be put into operation in 1960. 
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Their capacity is expected to reach 10,500,000 tons per 
year. The construction of a new Chernomorskiy Rudnik 
(Black Sea Mine) of about 5,000,000 tons annual capacity 
is planned in the area of the Kerch Iron Ore Basin. 
Soon, open ore pits will be opened in the Lisakovskiy, 
Sarbayskiy, Kacharskiy and Ayatskiy deposits in the 
Kazakhskayea SSR. It is estimated that their capacity 
will exceed 30,000,000 tons per year. Further, open 
manganese ore pits will be opened up in the Nikopol’ 
Basin; by 1965 they are expected to have produced 
70-80% of the whole output of manganese ores obtained 
in that basin. There are 4 tables, 2 diagrams. 
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SHLYAPINA, V.N.; VINITSKIY, L.Ye.; POPOV, G.G, 
Stress-rupture strength of rubter- 
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1. Vsesoyuznyy nauchno-issledovatel' skiy institut zheleznodorozhnoyo 


transporta, 
(Rubber to metal bonding) 
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Some characteristics of sound reflextion by shock absorber 
rubbers. Kauch. 1 rez. 22 no.6:38-39 Je '63, 

(MIRA 16:7) 
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doroshnogo transporta,= 
(Rubber goods—Acoustic properties) 
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TITLE: Determination of the Impurity Concentration in Germaniun 
PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, No. 4, pp- 67-69 


TEXT: The authors describe a simple method of determining the impurity 
concentration in germanium. It is based on the following principle? The 
lattice-induced diffusion of impurities in germanium causes & temperature 
dependence of 3 (9 - resistivity of the semiconductor), which has the 


form 9, ~ g's 6 in n-type material and the form 9, ~ qe? in p-type 
8 P 


material (Ref. 2). Indices L and Ly show that this resistivity depends 


on the scattering from the n-type or p-type lattice. The fraction of 
impurity scattering in resistivity was determined at 100°K. For an 


experimental determination of log ~ (100°K) it is sufficient to measure 
L 
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Determination of the Impurity 5/181 60/002/01/16/035 
Concentration in Germanium B008/B014 


the resistivity of the sample at two temperatures, to find the quantity 
Alogg and to subtract it from the standard values of Alogs,- 4 


theoretical calculation of the dependence of log mn (100°) upon the 
L 


impurity concentration N is, however, also possible. The accompanying 
figure shows such dependences for n-type and p-type germaniun alloyed 


with easily ionizable impurities at 400°K. After log Om (100°) has been 
L 


determined experimentally, the corresponding impurity concentration is 
calculated by means of these curves. Verification of the method suggested 
bas shown that it permits an estimation of the total concentration of 
easily ionizable impurities in germanium. Besides, the degree of 
compensation for impurities of the opposite type can be determined by 
this method. The lowest concentration of easily ionized impurities, 

which can be determined by this method, is 7.10 om? with a measuring 
accuracy of resistivity of = 5%. The authors thenk A. H. Kvasnitekaya 
for having prepared the germanium samples. There are 1 figure and > 
references, 1 of which is Soviet. "4 
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TITLE: Anisotropy of the Hall coefficient ‘in petype germanium 
SOURCE: Fizika tverdogo tela, v. 6, noe 4, 1964, 1048-1050 


TOFIC TAGS: germanium, semiconductor, Hall coefficient, hole interaction, impurity 
concentration, impurity scattering, lattice scattering 


ABSTRACT: Resistivity of the samples ranged from 0.13 to 37 ohm cm. Measurcments — 
were made at room temperature and at 77K. It was found that the dogree of anisot= 
ropy R(H)/R, decreases with £411 in temerature and with increase in impurity 


concentration, It proved always to be greater, other conditions being the same, 
when the magnetic field was directed along /0017 than when directed along /110/, 
the electrical field being along /1107 in both cases, The difference betwoon 
the minimum values of R(H)/R, for these tuo orientations decreases in resistivity 


and in temperature. The authors conclude that this is due to different degrees 
of anisotropy in impurity and lattice scattering, and also to inoreasing effec- 
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24:7600 (1035, 1043, 37) B112/B136 
AUTHORS: Baranskiy, P. le» and Vinetskiy, R. M. 


TITLE: Dependence of the Hall coefficient of p-type germanium on 
magnetic field strength 


PERIODICAL: Fizika tverdogo tela, v. 4, nO» 1, 1962, 289 - 291 


TEXT: The dependence of Hall coefficient R on magnetic field strength H 
wag determined for two samples of p-type germanium ay! and B72 , , 


In particular, the behavior of R was investigated in the range of low 
field strengths. The results are shown in the figure. H is given in 


oersteds, R in 104 cubic centimeters/coulomb, ? of B_-1 was 8.37 ohm-cn, 


P of B - 2,8.82 ohm°cm. The measurements were carried out at room 


temperature. The experimental resul.ts are in good agreement with theory, 
the error being found to be systematic. There are 1 figure and 7 
references: 1 Soviet and 6 non-Soviet. The four most recent references 
to English-language publications read as follows: q. C. Dunlap. Phys. 
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AUTHOR: DEY3EN MF.» VINETSKIY VoL. 56-6-25/56 

TITLE: Interaction between arrent Oarriers and F-Centera 7nd Acoustical 
Vibrations of Ionic Crystal Lattices. ( Veaimot ey stviye nositeley 
toka i F-tsentrov § akusticheskimi kolebaniyamd resnetki + ionmykh 


kristallskh, Russian 
PERIODICAL: ghurmal. Eksperim. 4 Teoret.Fiziki» 4957, Vol 32» Nr 6, pp 1382-1392 

(U.3.S-R.) 
ABSTRACT: Theoretically the influence exercised by & 

an ion orystel, the lattice of which was excited optically oF 
acoustically, is investigated. The acoustical case leads to a de- 
crease of the energy of the system, & change of the mass of the 
qurrent carriers - polaron effect. - In consideration of the oon- 
densor effect the wave funotion, the energy of the ground- and 
excited states of the F-centers, and the parameters of the F-light 
absorption bands are caloulated. (With 8 Slavic References). 


ASSOCIATICN: Physical Institute of the Ukrainian Academy of Science 


SUBMITTED: 7.701956 
Library of Congress 
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AUTHORS: Vinetskiy, VeL., Giterman, M.SD- 56-3-26/59 
ry 
TITLES: On the Theory of Interaction between "Superf luous" Charges in 


Ionic Crystals. (kK teorii yzeimodeystviys “lishnikh" zaraydov 


vy ionnykh kristallakh) 


PERIODICAL: Zhurnal Eksperia. i Teoret. 
pp» 730-734 (USSR) 
ABSTRACT: The interaction between polarones is inv 
The polarones are the current carriers in an ion crystal and re~ 
sponsible for the electric, photoelectric, and optical properties 
of these,crystals. It is gown that in crystals for which the con- 
dition no /E<0,05 is satisfied the formation of socalled “bipolarones 
is energetically more favorable, they have a limited distance R. 
Bipolarones are double polarones. These gonsiderations admit 
to estimate the influence of the interaction of the polarones 
on the energy of each single one and thus to give the criteria 
which are necessary for the elimination of such an interaction. 
This is necessary in order to set up & 


“many electron theary"- 
Therg are 3 figures, 4 table, and 6 Slavic references. 
1 totete 1’ University: (Ural’skiy gosudarstvennyy universitet) 


Figiki, 1957, Vol. 33» Nr 5s 


estigated the oretically. 
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AUTHOR. _Winetskiy, V.L- 56-3-33/59 
TITLE The Optica Properties of the F-Centers. 


(Opticheskiye svoystva F -tsentroy) ie 
PERIODICAL Zhurnal Eksperim.i Teoret -Piziki,1957,Vol 33,Nr 3sPP 780-787 (USSR) 


ABSTRACT The paper contains the following chapters? 

1) The basio state of a orystal with an F-center. 
5) Excited states of the F-center. 
3 Polarized luminescence of the F-centers- 
It is theoretically proved in macroscopic approximation that the 
system crystal + 4 pair of inhomologous points of defect + an elec- 
tron is energetically more favorable than a crystal -F- center. 
The parameters of the ground state of the investigated system are 
calculated.The frequencies and light absorption coefficients for 
photo transitions from the lowest excited states are numerically 
computed by means of the Frank-Kondon approximation method.Further, 
the azimuthal dependence of the polarization degree on luminescence 
ig determined 4f this takes place by jrradiation with polarized 
light in the F-band of the absorped light- 
There is 1 figure and 6 Slavic references - 
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AUTHORS Vinetskiy, V- ZT. and Deygens li. Fe 


TITLES: On Polarized Juninescence of Coloured Crystals. 
(0 polyarizovannoy Lyuminestsentsit okrashenny kh 
kristallov. ) 


PHRTODICAL: Optika 1 Spektroskopiya 1958, Vol.IV, trel, 


5i-% -1-8/26 


ABS@RACE: This paper is entirely theoretical. It discusses 
optical transitions to various excited states of 
Fo and ya-cent res. Tt is shovn that intensity =p8 
phototcansition to one of tue hivher enersy levels in 


Bo and P,-centres is comparable with the intencsis 


Vv 

v 

= 
3 


ed 


of phototransitions (Ref5.2,3) %0 the lower excit 


levels of the same centres. This means that Bo 


and F5-centres nay have to absorption pands of 
approximately tne same intensity. The presen’ aut nors 
Gard 1/32 discuss in detail Feofilov's work (Ref.4%) on aggregate 
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On Polarized Juninescence of Coloured Crystels.- 


colour centres. Feofilov studied the azimit nal 
dependence of the degree of polarization of ae 
emitted in luminescence excited by polarized Lie 
wave Lengths corresponding to she colour centres. 
Teofilov gives 2 classical interpretation of his 
results based on absorbiny: and enitting eee 
The present paper . gives a quantuni-mechani ca) int 
pretation of Feofilov's results. It ig shown that ths 
experimental dota on the azimuthal saa ee of tre 
degree of polarization of luminescence agree witha 
results czlculated for Fo and FZ-centres. The 
discussion is pascd on the Macroscopic approximation 
(Refs.2,4,5)- suantitative calculations were made for 
a KCl orystal. There are 1 figure und 10 references, 
Card 2/3 of which 6 are Russian and 2 American. 
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On Polarized Luminescence of Colourcd Crystals. | 


ASSOCIATION: Irstitute of Physics of the Academy of Sciences of 
‘on the USSR, Kiyey (Institut fiziki All SSSR, Kiyev J 
SUBMIYEED: March 14, 1957. 

AVAILIABIG; Library of Congress. 
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Yinetskiy, V. L., Deygens kh. F. sov/56-35-1-45/59 
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On the Influence of Acoustic Vibrations on the Parameters 

of the Bands of the Absorption in Crystals Caused by Ad- 
mixtures (0 vliyanii akusticheskikh kolebaniy na parametry 
polos primesnogo pogloshcheniya v kristallakh) 


Zhurnal eksperinental'noy 4 teoreticheskoy fiziki, 1958, 
Vol. 35, Nr 2,  PP- 287 - 289 (USSR) 


In a previous paper (Ref 1) the authors investigated the 
system ionic orystal-F-center in a macroscopic approximation 
and they obtained expressions for the energies of the 

ground state and of the excited state of the system and 

also for the parameters of the corresponding absorption 
band. In this previous paper, the results of a paper by 
Tolpygo (Ref 2) were used for the calculations. In this 
paper by Polpygo, the investigetions were carried out 

in a microscopic approximation. But also a macroscopic 
investigation is possible for a wide group of crystals, the 
anisotropy of which is not too intensive. For the crystals 
which do not satisfy these conditions, numerical computations 
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On the Influence of Acoustic Vibrations on the Para- gov /56-35-1-45/59 
meters of the Bands of the Absorption in Crystals Caused ty adaixtures 


are necessary. The calculations are discussed step by step, 
and the formulae obtained are given explicitly. The 
approximation used in this paper may be applied also to 
the investigation of the behavior of the electron of an 
impurity center in homeopolar crystals. There are 2 refer- 


encee which are Soviet. 
ASSOCIATION: Institut fiziki Akademii nauk USSR (Institute of Physics, 
AS UkrSSR) 


SUBMITTED : April 1, 1958 
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AUTHOR: vinetsakly » y. Le \ 


PITLE: The Lowest Quantum States of Gurrent Carriers and 


Coloring Centers in Ionic and Atomic Crystalsn\ 


PERIODICAL: Fizika tverdogo tela, 1960, Vol- 2, No. 10) PP 2544 - 2556 

the interaction of the carriers and the 

tic vibrations jn ion crystals ¥a8 jinvesti- 

ptained are also applicable to atomic crys~ 

sts in an analysis of the variation-func- x 
f¢ the immobile carriers and 

rystals taking into con~ 


TEXT; In the present paper 
coloring centers with acous 
gated. Some of the results 0 
tals. The investigation consi 
tional, which describes the quantum states oO 
coloring centers in ion crystals and atomic ¢ 
sideration the interaction with optical and acoustical vibrations. It 
1 + conduction 


was found that the exact functional of the system crysta 
alectron has & minimun ,; which corresponds +0 the negative energy value 
ction electron 


of the system. This means that the 
into the crystal causes the formation of 3 quasiparticle, which is de- 


scribed 48 "polarocondenson" - This polarocondenson rep 
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The Lowest Quantum States of Current Carriers 9/181 60/002/010/031/051 
and Coloring Centers in Ionic and Atomic B01 9/B056 
Crystals 


selfconsistent state of the electron in the crystal. The introduced elec- 
tron deforms in the crystal, thus forming a potential well, which keeps 
the electron on ita steady level. These quasiparticles influence the 
electrical, optical, and other properties of the orystal. Furthermore, 

a classification of the states of the polarocondenson is carried out, 
which is based upon the size of its radius. The author derives criteria 
for the existence of polarocondensons with large radii. In this case 
macroscopical investigations of the polarocondenson are possible; rela- 
tions for physical quantities are derived, which are characteristic for 
polarocondensons with large radius. Also, criteria for the macroscopical 
investigation of the coloring centers in jonic and atomic crystals are 
obtained, in which the interaction of localized electrons with optical 
and acoustical vibrations of the crystal are taken into account. The au- 
thor thanks M. FP. Deygen for valuable discussions. §. I. Pekar and 

QO. F. Tomasevich are mentioned. There are 4 figures and 13 references: 
“31 Soviet and 2 US. 


SUBMITTED: December 14, 1959 


Card 2/2 


APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001859820020-6" 


"APPROVED FOR RELEASE: 09/01/2001 


(We UES EGBA SES Pre rset ores ee 


CIA-RDP86-00513R001859820020-6 


— fpaclssy Gee a 


2H, 3500 s /081/60/009/01/011/031 


£201/B691 
AUTHOR: Vinetskiy, VL. 
ee +' \ 


ee oe eee ett Tae 
TITIZ:s Absorption of Light and fiaivevewide! of M-Centres in the Macroscopic 
pproximation. 


PERIODICAL: Optika 1 spektroskopiys, 1960, Vol 9, Nr l, pp 64-69 (USSR) | 


ABSTRACT: Pekar (Refs 1-3) developed & macroscopic theory of F-centres in 
4onic crystals which was used to calculate the onergy levels and 
wave functions of these centres and to determine parameters of 
absorption and luminescence bands. Apart from the F-centres 
coloured crystals may contain more complex centres auch as & 
caubination of an F-centre with a pair of neighbouring vacancies. 
According to Seitz (Ref 4) such centres are responsible for the 
M-band of coloured alimli-halide crystals. The present paper 
reports a calculation of absorption and luminescence peranetere 
using Seite's model of an M-centre in the macroscopic approximation. 
The results of a caloulation for a KCl crystal did not agree with | 
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8 /051/60/009/01/011/032 
8201/2691 
Absorption of Light and Luminescence of M-Centres in the Macroscopic Approximation 


the experimental value of the M-band maximum (1.5 eV). The reasons 
for this descrepancy are discussed. There are 1 figure, 1 table and 
14 references, 8 of which ore Soviet, 4 Buglish, 1 Japanese and 

1 translation from English into Russian. We 
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24,7702 3109/3212 
nr nena 

AUTHOR: . Vinetskiy, -V. L. 
* a a eS 

TITLE; Bipolar states of carriers in ionic eryatals 


PERIODICAL: Zhurnal ekeperimental'noy 1 teoreticheskoy fiziki, v. 40, 
v. 5, 1961, 1459-1468 


TEXT: -A system consisting of tyo conduction electrons in an ionic 
crystal, which interact with the polarization and elnatic deformation 
of the crystal, has been studied. I$ is shown that the conclusion 
derived in Ref. 1 (V. L. Vinetskiy, if. Sh. Giterman. Zn=TF, 33, 730, 
1957) as to the possible exigtence of bioolar states is also valid when 
using exact calculation methods. In addition to Ref, 1, the effect of 
elastic deformation is also taken into account. Such deformations lead 
to an improvement of the existence criterion and to an increase of the 
bipolar energy. The solution of the Schrodinger equation for the systen 
consisting of an ionic crystal and two free electrons in adiabatic Ty 
\ 


approximation ide < ue*/m, see Ref. 2: S. I. Pekar. Issledovaniya po 
; K : 


Card 1/6 


APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001859820020-6" 


"APPROVED FOR RELEASE: 09/01/2001 


ETE EN SSOP SAL 


eS REESe- sare eis hace raat 6 


o ESAT RLS SAR Aas Ta eee 


5/056/61/040/005/017/019 
Bipolar states of carriers in ionic crystals 3109/3212 = 
1 
1: ; az - 1 n - index 
elektronnoy teorii xristallov, Costekhizdat, 19513 ¢ 3 Je 
of refraction is equivalent to finding the mininua of the corresponding 
’ functional by, using the aoproximating wave function 


W(.6-Tyee donee) HGF +) OC--4,,) 


4f the method of Ref. ; is utilized. Determining the minimum with 


respect to §(...q4---) leads to the expression 
ka -— 


’ : eau, 1, 2, oe o 
= 5H (Orta +)) + mingJ (v1, Nye & 0 


ka 


i rd ‘ae $2 (ry. ts) { 2 5 eh Kos (4) 
Jiyp)= EV vy (ri, t2) 7% dt ei) Pe Tz 


hoy, 


Kw. == — {Wy (ri, 3)? Yn (1) dtse. 


kl tea the index of 
for the energy of the system, * where k(ky, Kos k 3) denotes 
normal vibration, Xe (¥) = Y2/V sin (z. r r+n/4). First, the wave function 
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y(Fy» #) = const: (y, (Fv, (#) #¥y (Fy Fy) (11) 
‘4s set up, and only those orystals are considered, for which the inter- 


action of the conduction electron with elastic vibrations can be 
neglected. Thus, 


| wel%) = 2/2), vy (F) = Ay CR) (7) 
where yo(#,), Wy (¥) are exact electron wave functions of the polaron, 
and k is the parameter to be varied, and (4) will furnish for the ratio 
Q = Tei por/ 2% p01 an expression that is a funotion of R (distance betneen 
the pointe a and b chosen for the approximation of W(Tyy ¥,) The energy 
of the bipolaron is determined by varying this expression with respect to 
R. The equation , 

R 2nv 2u 
1/1 1 2 
qe tad(tae ge eqetsaa)n ere (9) 


4 Ug Uy 


will hold for n°oe#4, where 7 4f—- 
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J 


(111), 


atin: Vy ofyfar. The caloulation of 


the coeffiedent will succeed with R° if the best function 18 chosen from 
_the exact wave function of the polaron by applying the variational methods 


_ (3) = 0,122902/2 (1 sar +0.451607r en", a 0.6585ueo/h> (10), 


After simple calculations 


(27e/aR") pg = 2° (0.4105 ~0.2062)> 0 (14) 
is obtained. Q(R) will decrease if n°c becomes less than unity; Q(R) 


2 


can remain above unity if n°c is sufficiently large. 


The results 


obtained for- any nc agree with those of Ref. 1, which have been found 
by a semi-classical method. 


no 70.95 (Qax = 1.08 at nc = 1). Mathematical difficulties will be 
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encountered if the interaction with the elastic deformation is taken into 
account. The special case n2o“21, R=0 is considered for qualitative 
estimations. , Utilizing Ref. 6 (M. F. Deygen; VY. L. Vinetskiy. ZhETF, 32, 
1362, 1957) and Ref. 11 (V. L. Vinetskiy. FIT, 2, 2544, 1960) will yield 


Jen /23_> q(0) = 1+8B (IV), 
_ where —— : 

(1—Vi-1° A 
je ytevice ee &) 


From this result it is apparent that interaction can have 4 considerable 
effect if the crystal has a large constant a of the deformation potential 
and a small modulus of elasticity. Finally, the motion of the bipolaron 
4g analyzed with the help of mathematical methods presented in Ref. 12 
(Ss. I. Pekar. ZhETF, 27, 398, 1954) and Ref. 13 (S. I. Pekar. 2nztF, 27, 
411, 1954), and the energy of the ground state, the effective mass, and 
the moment of inertia are calculated. The author thanks K. F. Deygen for 
discussions, M. I. Kaganov, S. I. Pekar, and other participants of the 


_ 4th All-Union Conference on Semiconductor Theory for their interest. 
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F. F. Vol'kenshteyn and V. L. Bonch-Bruyevich are mentioned. There are 
15 references: 14 Soviet-blcu and 1 non-Soviet-bloc. 
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. AUTHOR: Vinetskly, V. L.; Deygen, M. F.; Moroz, A. I. 


| TITLE: Optical properties of color centers with mirror symmetry 
shchelochnogaloidn. kristallov. 2nd, Riga, 1961. 


SOURCE: Vses- soveshch. po fiz. 
alkali halide crystals). Riga, 


: Trudy*. Fiz. ghchelochnogaloidn. kristallov (Physicsef 


1962 46-54 


TOPIC TAGS: color center, optics, wave function, adiabatic perturbation theory, ionic 
crystal optical property, mirror symmetry 


i erystal, alkali halide crystal, crystallography, 


' ABSTRACT: The authors have undertaken to calculate the wave function (rT, Gy) by con- 

. sistently employing the adiabatic perturbation theory in zero-approximation. Tiei* pur- 

. pose was to give a theoretical presentation of the peculiarities which, according. to .ne 

. theory of pseudodegenerated electron-vibratory systems, should exist in the oF dcil pro- 

‘-perties of the mirror-symmetrical Fo, F3 and M - color centers in jonic cry! ai) - The 

: expression for the energy opera tal with a single-electron, mi ‘ror-sym~ 
- metrical color center is of the form: _..— am gy ; 

, of Tet VO) AY abe @) 422 5(a- a) +w, © 
a ge ae ae ie . * F 7 —_ neers aes 


cme 


-- <> 
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This equation which is the initidl step of the procedure consists of the following: the first term 
is the kinetic energy of the color center electron; the second and the third terms are the 
electron's energy of interaction with vacancies and optical vibrations, respectively; the — 
_ fourth term is the optical vibration energy; and the fifth term, W(r) is the periodic potential. 
The article develops this equation and finally arrives atan expression for the absorption co- 
» @ffictent: a 1 6 sen QN ae - . 6 ae 
fm tp be SL + Yin Sad* B hyip tp) (2)° 
Le ct pu aan F ; aa . = . , 


2 k= ki, m2 x0; k= 2, + a3: k, = ki, = 2 tea (Kas + Sa); k, oe 2a Sng? = 
ae Tip (zp) = ty i (25) = tm Sia} mh, m Sy; b ~ & = Sag Savi.” , 


t = Van 4) 4, 


It is seen that the absorption curve consists of six bands whose form and temperature de- 
pendence were analyzed in equation (1) above. A comparison shows that the frequency 
ratios of the six R-bands observed in alkali halide crystals are in good agreement with the 
expected theoretical ratios. Orig. art. has: 24 formulas and 1 table, 

ASSOCIATION: Institut fizikd AN Ukrainskoy SSR (Physics Institute, Academy of Sciences of the 
Ukrainian SSR) 
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AUTHORS: + Vinetskiy,-V.—la+ and Kolychev, N. N. 


TITLE: Increase in lifetime of nonequilibrium electrons on introduc- 
tion of adhesion levels . 


PERIODICAL: Fizika tverdogo tela, V- 5, no. 2, 1963, 694 - 696 


TEXT: The effects of acceptor-type adhesion levels on steady-state photo- 
conductivity and carrier lifetime were investigated in FTT, 2,5 19455 1960. 
Here it is shown that the presence of donor-type adhesion levels causes 

completely aifferent effects: they may raise ‘he lifetime of the nonequi- 
librium electrons. In the case of negligibly small dark concentration of 


electrons, their lifetime oft) = rac) is increased when adhesion levels- 
n i 


are introduced due to & reduction of (S-s). S is the concentration of re- 
combination levels and s *‘eir electron population, jy, 4g the electron 
trapping factor for recon: vation centers. The increase of t. is weakened 
by electron adhesion but not compensated. If the effect of adhesion centers 
on ert a conductivity is taken into account the lifetime of nonequi- 
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librium electrons is further reduced. ‘The final result is 
as, =a) — eax (9, —3,) 1,1 (S— s,)-“'(S—s,)-1 9" (az af) (3) 


a7 
where d is the concentration of electrons produced per secs the subscripts 
1 and 2 refer to a crystal before and after introduction of adhesion centers. 


Quantitative. results can be obtained on solving the equation 


n(M—m)=mNz3 1, (S—s) n=1,sp=, 


Nou= Ng exp (—+4). (4) with the neutrality condition 


N+mM+s-p « M, + Sys No is the density of states in the c-band, Ex the M-level 


energy, M is the concentration of adhesion levels m their population, n and 
p are the concentrations of free electrons and holes. For donor levels 


M, «= My 5, - S, for acceptor levels M, = O and 5, 


M<Nay the solution of (4) is =O" [M — nh (TY), S,=S; = 


nee 
qr? =O 06), 


) the lifetime for S, « S and S, = O-is 


In the opposite case (SCM, N 4 1 


CM 
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. Analysis of the phenomenon of photocurrent pulse generation by 
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63, (MIRA 16:10) 


1. Institut fiziki AN UkrSSR, Kiyev. 
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AUTHORS: Vinetskiy, V. L.3 Kravchenxo, V. Ya. 

TITLE: The theory of F centers 

SOUFCE: Fizika tverdogo taba, ve 6, no. 1, 1964, 153-163 - 


TOPIC TAGS: F center, quaritum state, olectron, polaron, defect, defect field, 
energy level, equidistant leyels, Jacobian, adiabatic approximation, intermediate 
coupling, wave function, high, mobility subsystem, low mobility subsystem, ground 
state, excited state ae “ 


ABSTRACT: The authors have examined the quaritum states of F centers in which an 

- electron forms a polaron moving in the field of a defect. They have shown that 
the lowest state of such a system is characterig¢ed by a, sequence of equidistant 
levels, but that excited states are characterized, beginning with some number, by 
a series of hydrogen-like terms, They have found the Jacobian of the Pekar trans- 

- formation (S. 1, Pekar, Issledovaniya po olektronnoy teorii. krist v, GITTL, Mee : 
L., 1951), which is necessary for com outing the matrix elements of the differential: 
processes. It is concluded that the criterion of large-radius approximation is 
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better fulfilled the weaker the critorion of adiabatic approximation. Therefore, 
for a more precise definition of a polaron moving around a defect, one should use 
the approximation of a high-mobility intermediate coupling, in which the wave 
function of the high-mobility subsystem must approach expressions such as those 
usod by the authors in the present work. Orige art. has: 955 formulas. ~~ 


ASSOCIATION: Institut fiziki AN UcSSR,Kiyev (Institute of Physics AN UlrSSR) ; 
‘Institut fiziki AN LatvSSR, Riga (Institute of Physics AN LatvSSR) 
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AUTHOR: Vinetskiy, V. Le 


: TITLE: Singlet and triplet states and paramagnetic resonance of double color 
. centors 


| SOURCE: Fizika tverdogo tela, v. 6, no. 6, 1964, 1896-1898 
TOPIC TAGS: color center, electron paramagnetic resonance, alkali halide 


, ABSTRACT: The problom io considered of double F-centers (Fy -centers) which differ | 


' from the single electron centers by the apparent absenoe of electron paramagnetic 
resonance (EPR) in Fy~centers, An involved oxpression is given from which the 


; energies of the singlet and triplet levels of F-centers can be found. The 


! integrals occurring in the expression mist be evaluated (using tables) y and the 
- @nergies are then found erephically. As an example, the calculations which are 
: analogous for othor alkali halide crystals are carried out for the KCl crystal. 
It is found that the triplet level is 0.0) ov higher than tho singlet level and 
0.025 ov above twice the energy of the Fecenter. In general the triplet state is 
unstable, It is concluded that the absence of EPR under equilibrium conditions is | 


ree 
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' evidence in favor of the model of centers not containing an unpaired eloctron, 
, The author acknowledges help in the Calculations by Vv, Dmitrashcuk, student at 
; the Chernovtsy University, and T, Kudy*kin, student at the Kiev Polytechnic 

i Institute; Orig. art. has: 17 equations and 1 diagram, 
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TITLE: Theory of paramagnetic ‘relaxation of F centers inthe case ; 


; ; ! 
of hyperfine and spin-orbit interaction with the lattice | 
| 


i 


Hy 


i 
! 


‘SOURCE: Fizika tverdogo tela, v- 6, no- 7, 1964, 2075-2087 - 
TOPIC TAGS: paramagnetic relaxation,. F center, hyperfine structure, : 
spin orbit coupling, phonon, dipole interaction, wave function a 
i ABSTRACT: The probability of one-phonon magnetic relaxation brought 

|| about by either spin-orbit or hyperfine (contact and dipole-dipole) 

F | interaction is calculated in the adiabatic approximation. — Although 
} general calculations of the F-center relaxation time due to spin- : | 
| orbit interaction have not yet been made, in the case of one-phonon | 
' relaxation the calculations are possible, without resorting to any | 
dge of the F-center wave func | 


model, and without the need for knowle 
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; 

tion. The relaxation times are expressed directly in terms of ex- 
perimentally measured constants. General expressions are obtained 
for the matrix elements of the one-phonon transi ions. The shortest 
contact relaxation time is equal to 3.6 x 109 Tv 4HT* minutés (H*-- 

tl magnetic field, T -~ temperature). The spin-orbit: relaxation time 

depends on the magnetic field direction and can be much larger, 


amounting to 


a Cee 
19. wert a(1-099 7] rare 


a 
The results are analyzed and numerical calculations are made for 

the KCl crystal. The published experimental relaxation times for 
| this salt vary with the impurity content, and the value given for 
|; the purest crystal (1350 sec) comes. closest to the theoretically 

: l, galeulated 10% sec. “ "The authors thank M. F. Deygen for many useful 
ig I discussions." Orig. art. has: 43 formulas. 
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TITLE: Theory of stationary radiation induced by interband transi- 
tions 


SOURCE: Fizika tverdogo tela, v. 6, no. 7, 1964, 2037-2046 


-OPIC TAGS: laser effect, laser emission, laser pumping method, 
‘ stimulated emission, transition frequency 


’ ABSTRACT: A kinetic equation method developed by the author for the 

analysis.of stimulated emission (UFZh v. 8 918, 1963) is used to de-' 

- termine the parameters of the singular modes at which laser action 

can be achieved. ‘These parameters are then used to determine the 
threshold value of the pump signal. It is assumed that only direct 

- transitions are effective, the electron and hole bands are spherical, 
the electrons and holes have equal effective masses, each band is in 
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‘statistical equilibrium, and the system is spatially homogeneous. 

Et is shown that an important factor in the feasibility of laser ac- 
tion is the spacing of the singular modes, and monochromatic emission 
is possible in principle if the spacing is large. Future plans call 
for investigations of induced emission for systems with impurities 
‘and the use of x-rays or gamma rays for pumping. Orig. art. has: 

' 56 formulas. 
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' AUTHORS: Vinetskiy, V. L.; Kholodar', G- A>» 


i Neca an AeR ENAMEL SN . 
'©ITLE: “Intrinsic-defect" conduction of semiconductors © : 


i 
1 


' souRCE: Fizika tverdego tela, v. 6, no. 11, 1964, 3452-3456 


Pos ; TOPIC TAGS: semiconductor conductivity, erystal lattice defect, oe 
_ ____4 temperature dependence, crystal lattice vibration, light excitation * 


ace ash 


~ | ABSTRACT: The “intrinsic defect" conduction is an impurity conduc- 7 
' tion in which thermal lattice defects act as donors, so that the ot 
- eoncentration of donor centers rises exponentially with temperature. nee 
‘A self-consistent theoretical calculation of the intrinsic defect 
conduction (1D¢) is carried out using the Gibbs d@istribution and 
allowing for the change in the lattice vibration frequency due to 


the formation of thermal defects. The influence of impurity centers Es 
.on the IDC is discussed. The effect of illumination may redistribute 4 
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' the electrons between various impurity levels, and this leads to a 
' change in the number of the intrinsic thermal Lattice defects. This ner 
‘process is quite slow. As a result, a slow component of the photo- 
- conductivity appears (or changes) in the temperature region cor- 
| xesponding to the IDC in darkness. The existence of the IDC has 
| been demonstrated experimentally in the literature for CdS, 2n0, 
| ZnS, PbS, etc., at sufficiently high temperatures. The authors use a 
i‘ published data to show that the IDC appears also in Cu,0 above 300K. Pel 
| the authors thank G. Ye. Pikus for his comments." Orig. art. has: : 


17 formulas. 
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TORIC TAGS: spin lattice interaction, adiabatic approximation, 
hyperfine interaction constant, electronic center 


ABSTRACT: The authors carry out 4 consistent and enieoun calculation 
of the hyperfine interaction constants (Ar ), the g-value shift 
| (dg). and the spin-orbit relaxation time +) for single-electron 
_ centers in nonmetallic erystale, where the ground state of the locals 
electronic centers is sufficiently removed in energy from the nearest 
excited state. The approach employed differs from that used by 
a. 
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£ the adiabatic approximation of Born and 


| Huang (Dynamical Theory of Crystal pattices, Oxford. 1954), in the 
~ | €orm of an expansion in powers of a gmall parameter - By expanding 
‘J also the perturbation operators in, powers of the same parameter, it <s 
is possible to take successive account of all the terms of equal &§ 
order of smallness in the matrix. elements of the perturbation. The e 


| Corrections to ons are then ¢x™ 
-~) pressed in terms of the zeroth approximation function, which is con- “ 
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TITLE: ‘Two-phonon processes in spin-lattice relaxation’ of F-centers 
SOURCE: Fizika tverdogo tela, v. 7, no. 1, 1965, 3-11 


TOPIC TAGS: F center, spin Lattice relaxation, phonon, relaxation 
transition, hyperfine interaction, spin orbit interaction, relaxa- 


tion time 


ABSTRACT: A method developed by the authors previously {(FTT v. 6, 
3075, 1964; ZhETF v. 47, 902, 1964) is used to derive an expression 
for the probabilities of two-photon relaxation transitions of the 
F-center electron, inguced by the hyperfine and spin-orbit interac — 
tions. The calculation procodure 15 based on applying auccessful.y 
the adiabatic approximation of Born and Huang (Bynamical Theory orn 
Crystal Lattices, Oxford, 1954), obtaining in this fashion a wave 
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function of the system comprising the crystal plus the additional 
electron, and calculating the matrix elements of the relaxation 
transitions with the aid of this wave function. The parameters 
needed for the calculations are listed. The transition probibili- 
ties are calculated for both the contact interaction and for the 
spin-orbit interaction. A sample calculation for KCl shows that the 
contact relaxation mechanism is the most effective, and that the 
spin-orbit relaxation depends not only on the direction but also on 
the magnitude of the magnetic field. Comparison with the probabil- 
ities for single-photon transitions shows that two-phonon processes 
begin to prevail even at temperatures close to 10K. Inasmuch as 
the present calculations give for the spin-orbit relaxation time a 
value much larger than the experimental data, it is concluded that 
the most effective relaxation mechanism is not cunnected with the 
processes considered in the article. Orig. art. has: 40 formulas. 
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TITLE: Single-phonon spin-lattice vigeeeien! naueed by optical 
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SOURCE: Fizika tverdogo tela, v. 7, no. l, 1965, 319-322 
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dependence 


ABSTRACT: To explain the independence of the spin-lattice relaxa- 

tion time of the magnetic field, observed by several investigators, 

the authors propose a mechanism wherein single~phonon transitions 
ES induced by the alternating ~.gnetic field due to the electric 
“dipoles produced by optical lattice vibrations (this-mechanism was - a 
considered in connection with the theory of nuclear relaxation by  & 
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or 
Kravehenko in FTT v. 4, 1797, 1962). An approximate calculation of 
the relaxation time due to this mechanism is presented for the case 
of the F-center and yields a value for the relaxation time in KCl 
which is approximately two orders of magnitude larger than the ex- 
perimental. The reason for the discrepancy is briefly discussed. 
Methods for refining the calculations are suggested. It is noted 
in conclusion that even this result 1s indicative of the fact that 
the mechanism proposed is one of the most effective for F-centers 
in KCl at low temperatures. Ways for isolating this mechanism ex- 
perimentally are mentioned. Orig. art. has: 9 formulas. 
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TITLE: Temperature dependence of the parameters of the hyperfine interactions 
of the P-center electron 


SOURCE; Optika 1 spektroskopiya, v, 18, no. 1, 1965, 73-84 


TOPIC TAGS: temperature dependence, hyperfine interaction, interaction paremeter, 
Fecenter, contact interaction, dipole-dipole interaction, lattice vibration 


ABSTRACT; The authors calculate the contact and dipole-dipole parameters of the 
hyperfine interactions of the F-center electron, and the shift of the g-factor, 
taking into account the lattice vibrations. It is pointed out that in earlier 
investigations the ions were assumed stationary and some specific model of the 
F-center (molecular-orbital, point-like fons, etc.) had to be assumed beforehand, 
an the approximation used in the present article the contact parameter 135 ceter- 
mined not by the value of the wave function of the F-center electron in the cor- 
responding site of the ideal lattice, but by the value of the wave function 
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averaged over the vibrations, in the ion moving about the equilibrium position, 
An account of the vibrations leeds to a temperature dependence of the hyperfine 
interaction parameters and of the e-~-factor shift. ‘he analysis is based on the 
adiabatic approximation of Born and Huang (Dynamical Theory of Crystal Lattices, 
Oxford, 1954). The calculations are in agreement with the experimental data. 
Orig. art. has: 51 formulas. 
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TITLE: Conductivity of semiconductors due to ionization of thermal lattice defects 
(intrinsic-defect conductivity) 


SOURCE: Fizika tverdogo tela, v. 8, no. 3, 1966, 977-980 


TOPIC TAGS: semiconductor conductivity, crystal lattice defect, cuprous oxide, 
stoichiometry, temperature dependence, carrier density . 


ABSTRACT: The intrinsic, defect electron or hole conductivity 4s defined as the con- 
ductivity due to the jonization of the thermal defects of the lattice. This is a 
continuation of earlier work (FIT v. 6, 52, 1964), where the carrier density occur- 
ring in jntrinsic-defect conductivity, was calculated. In the present paper the re- 
‘sults are presented of measurements of the high-temperature conductivity of cuprous 
oxide and they are compared with theory. ‘The crystal is assumed to have no foreign 
impurity atoms, but has at zero temperature a certain number of electrically active 
defects due to deviation from stoichiometry. It is also assumed that one of the com 
ponents of the thermal defect is electrically inactive, and that the other is iden-_ 
tical with the defect due to the deviation from the stoichometry. The temperature © 
dependence of the carrier density obtained in this manner is found to be approximated 
by several segments of straight lines, which too correspond to the intrinsic-defect 
conductivity. The measurements were made in the 300--1250K interval and confirm 
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TITLE: On self-compensation of conductivity in semiconductors 
SOURCE: Fizika tverdogo tela, v. 8, no. 3, 1966, 846-854 


TOPIC TAGS: semiconductor conductivity, semiconductor band structure, carrier densi- 
ty, crystal defect, impurity conductivity, photoconductivity, electron capture, sur- 
face property 


ABSTRACT: ‘The semiconductors dealt with in this article are those in which the con- 
centration of the intrinsic defects is large enough to cause their energy levels to 
play an appreciable role as the impurity levels that determine the equilibrium con- 
ductivity of the semiconductor. Particular attention is played to the role of self- 
compensation in the change in the electric conductivity and other properties of 
binary semiconductors when their temperature is varied. To this end, the equilibrium 
concentrations of the carriers and of the intrinsic defects are calculated in doped 
semiconductors and the results are compared with available experimental data. The 
results show thet allowance for self-compensation must be made when calculating the | 
donor density by means of the usual impur 1ty-conductivity. ormula. This is confirmed : 
by & check on the experimental results obtained for Cd5, dase, Mand “Cus0. Self- 
compensation can also play an important role in the case of capture during ‘photocon~"" 
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: ductivity and other phenomena. It is also pointed out that even if there is no self- 
; compensation inside of a crystal, under certain conditions there may still be self- 
compensation on its surface and that usually this effect is disregarded in the ana- 


lysis of the surface properties. Orig. art. has; 1 figure and 16 formulag. 
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fOPIC TAGS: number theory, mathematics 
ABSTRAC In this artiole a refinement of an earlier theorem of 
the Author oharacterizing the infrequenoy of sume of the type 
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‘with a suffioiently. large modulus is presented. Refinements of = 
i4{ts corollaries are also offered. A scheme for application of a | 
‘apecial version of the theorem to problems in number theory 18 
‘indicated in a special example. Five theorems are formulated and 
proved on the basis of which the following theorem is formulatedt 
Let n®20, a and a, be integers, aca; 2a, t = al-®, oO<0<1. 
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TOPIC TAGS: laser, solid state laser, semiconductor laser, laser theory 5 LASER, 

RADIATION, IMPURITY BAND a 
ABSTRACT: The semiconductor laser operation based on radiative transitions of Me 
current carriers from impurity-band state to bound state is examined by the method ; 
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of kinetic equations. A semiconductor having M identical impurity centers witha * ’ 


~ 


level in the forbidden band is considered. Pumping drives the electrons from the ;.,. 
valence band into the conduction band. Electron-hole recombination takes place at m. 
levels. Hole capture by an impurity level is accompanied by radiation of a photon. 
Kinetic equations and a neutral-condition equation are set up. Solutions for the case 
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